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oligomer, followed by the addition of others. 

Once the modified nucleosides are prepared, protected and activated, prior to attachment to the 
electrode, they may be incorporated into a growing oligonucleotide by standard synthetic techniques 
(Gait, Oligonucleotide Synthesis: A Practical Approach, IRL Press, Oxford, UK 1984; Eckstein) in 
several ways. 

In one embodiment, one or more modified nucleosides are converted to the triphosphate form and 
incorporated into a growing oligonucleotide chain by using standard molecular biology techniques such 
as with the use of the enzyme DNA polymerase I, T4 DNA polymerase, T7 DNA polymerase, Taq 
DNA polymerase, reverse transcriptase, and RNA polymerases. For the incorporation of a 3' modified 
nucleoside to a nucleic acid, terminal deoxynucleotidyltransferase may be used. (Ratliff. Terminal 
deoxynudeotidyltransferase. In The Enzymes, Vol 14A P.D. Boyer ed. pp 105-118. Academic Press, 
San Diego, CA 1981). Thus, the present invention provides deoxyribonucleoside triphosphates 
comprising a covalently attached ETM. Preferred embodiments utilize ETM attachment to the base or 
the backbone, such as the ribose (preferably in the 2' position), as is generally depicted below in 
Structures 42 and 43: 

Structure 42 
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Thus, in ! 



smbodiments. it may be possible to generate the nucleic acids comprising ETMs in situ 
or example, a target sequence can hybridtee to a capture probe (for example on the surface) in such 
way that the terminus of the target sequence is exposed, i.e. unhybridized. The addition of enzyme 
id triphosphate nucleotides labelled with ETMs allows the in situ creation of the label. Similarly 
sing labeled nucleotides receded by polymerases can al.ow simultaneous PGR and detection; that 
. the target sequences are generated in situ. 



phosphonate form, which are then used in solid-phase or solution syntheses of oligc 
this way the modified nucleoside, either for attachment at the ribose (i e amino- or t 
nucleosides) or the base, is incorporated into the oligonucleotide at either an interna 
terminus. This is generally done in one of two ways. First the 5' position of the ribo 
with 4',4-dimethoxytrityl (DMT) followed by reaction with either 2-cyanoethoxy-bis- 
diisopropylaminophosphine in the presence of diisopropylammonium tetrazolide, or I 
'-cyanoethyoxyphosphine. to give the phosphoramidite as i 



although otl 



Caruthers, Science 230:281 (1985), both of which are expressly incorporated he 



in by referenci 



" a '" u|J ° ™nus, a preferred method utilizes the attachment of the 

modified nucleoside (or the nucleoside replacement) to controlled pore glass (CPG) or other 
oligomer* supports. In this embodiment, the modified nucleoside is protected at the 5' end with DMT, 
th activation. The resulting succinyl compound is attached 



ler oligomers su 



Further phosphoramidite nucleosides an 



added, either modified or not, to the 5' end after d< 
conductive oligomers or insulators covalently attached to nucleosides attached to sond oligomeric " 
supports such as CPG, and phosphoramidite derivatives of the nucleosides of the invention. 

>el probes with recruitment linkers comprising 
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wji.uuc.uve oligomers to in e electrode, i.e. using a sulfur atom for attachment to a gold electrode, etc. 
Compositions comprising monolayers in addition to the conductive' oligomers covalently attached to 
nucleic acids may be made in at least one of five ways: (1 ) addition of the monolayer, followed by 
subsequent addition of the attachment linker-nucleic acid complex; (2) addition of theattachment 
linker-nucleic acid complex followed by addition of the monolayer; (3) simultaneous addition of the 
monolayer and attachment linker-nucleic acid complex; (4) formation of a monolayer (using any of 1 , 2 
or 3) which includes attachment linkers which terminate in a functional moiety suitable for attachment 
of a completed nucleic acid; or (5) formation of a monolayer which includes attachment linkers which 
terminate in a functional moiety suitable for nucleic acid synthesis, i.e. the nucleic acid is synthesized 
on the surface of the monolayer as is known in the art. Such suitable functional moieties include, but 
are not limited to, nucleosides, amino groups, carboxyl groups, protected sulfur moieties, or hydroxyl 
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These methods include time or frequency dependent methods based on AC or DC currents, pulsed 
methods, lock-in techniques, filtering (high pass, low pass, band pass), and time-resolved techniques 

In one embodiment, the efficient transfer of electrons from the ETM to the electrode results in 
stereotyped changes in the redox state of the ETM. With many ETMs including the complexes of 
ruthenium containing bipyridine, pyridine and imidazole rings, these changes in redox state are 
associated with changes in spectral properties. Significant differences in absorbance are observed 
between reduced and oxidized states for these molecules. See for example Fabbrizzi et al., Chem. 
Sdc. Rev. 1995 pp197-202). These differences can be monitored using a spectrophotometer or 

In this embodiment, possible electron donors and acceptors include all the derivatives listed above fo 
photoactivation or initiation. Preferred electron donors and acceptors have characteristically large 
spectral changes upon oxidation and reduction resulting in highly sensitive monitoring of electron 
transfer. Such examples include Ru(NH 3 )<py and Ru(bpy) 2 im as preferred examples. It should be 
understood that only the donor or acceptor that is being monitored by absorbance need have ideal 

In a preferred embodiment, the electron transfer is detected fiuorometrically. Numerous transition 
metal complexes, including those of ruthenium, have distinct fluorescence properties. Therefore, the 
change in redox state of the electron donors and electron acceptors attached to the nucleic acid can 
be monitored very sensitively using fluorescence, for example with Ru(4,7-biphenyl 2 -phenanthroline) 3 

techniques. For example, laser induced fluorescence can be recorded in a standard single cell 
fluorimeter, a flow through "on-line" fluorimeter (such as those attached to a chromatography system) 
or a multi-sample "plate-reader" similar to those marketed for 96-well immuno assays. 

Alternatively, fluorescence can be measured using fiber optic sensors with nucleic acid probes in 
solution or attached to the fiber optic. Fluorescence is monitored using a photomultiplier tube or othe 
light detection instrument attached to the fiber optic. The advantage of this system is the extremely 
small volumes of sample that can be assayed. 

In addition, scanning fluorescence detectors such as the Fluorlmager sold by Molecular Dynamics an 



99 



PCT/US99/14191 



on energies. These include Ru(4,7-biphenylj-phenanthroiine) 3 2 *, Ru(4,4'-diphenyl-2,2'- 
bipyridine) 3 2- and platinum complexes (see Cummings et al., J. Am. Chem. Soc. 118:1949-1960 
(1996), incorporated by reference). Alternatively, a reduction in fluorescence associated with 
hybridization can be measured using these systems. 



:tion. With some ETMs such as Ru^bpy),, di 
3 simple photomultipiier tube arrangement (se< 



)le techniques include, but are not limited to, electrogravimetry; 
coulometry (including controlled potential coulometry and constant current oculometry); voltametry 
(cyclic voltametry, pulse voltametry (normal pulse voltametry, square wave voltametry, differential 
pulse voltametry, Osteryoung square wave voltametry, and coulostatic pulse techniques); stripping 
analysis (aniodic stripping analysis, cathiodic stripping analysis, square wave stripping voltammetry); 

amperometry, AC polography, chronogalvametry, and chronocoulometry); AC impedance 
measurement capacitance measurement; AC voltametry; and photoelectrochemistry. 

In a preferred embodiment, monitoring electron transfer is via amperometric detection. This method of 
detection involves applying a potential (as compared to a separate reference electrode) between the 
nucleic acid-conjugated electrode and a reference (counter) electrode in the sample containing target 
genes of interest. Electron transfer of differing efficiencies is induced in samples in the presence or 
absence of target nucleic acid; that is, the presence or absence of the target nucleic acid, and thus the 
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l F is the Faradaic current and q, is the elementary charge. 

However, Equation 1 does not incorporate the effect of electron transfer rate nor of instalment factors. 

the true i AC should be a function of all three, as depicted in Equation 3. 

Equation 3 

i„c = f(Nemst factors)f(kH,)f(instrument factors) 

These equations can be used to model and predict the expected AC currents in systems which use 
input signals comprising both AC and DC components. As outlined above, traditional theory 
surprisingly does not model these systems at all, except for very low voltages. 

In general, non-specificaliy bound label probes/ETMs show differences in impedance (i.e. higher 
impedances) than when the label probes containing the ETMs are specifically bound in the correct 
orientation. In a preferred embodiment, the non-specifically bound material is washed away, resulting 
in an effective impedance of infinity. Thus, AC detection gives several advantages as is generally 
discussed below, including an increase in sensitivity, and the ability to "filter out" background noise. In 
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in a preferred embodiment, the first input signal comprises a DC component and an AC component. 
That is, a DC offset voltage between the sample and counter electrodes is swept through the 
electrochemical potential of the ETM (for example, when ferrocene is used, the sweep is generally 
from 0 to 500 mV) (or alternatively, the working electrode is grounded and the reference electrode is 
swept from 0 to -500 mV). The sweep is used to identify the DC voltage at which the maximum 
response of the system is seen. This is generally at or about the electrochemical potential of the ETO 
Once this voltage is determined, either a sweep or one or more uniform DC offset voltages may be 
used. DC offset voltages of from about -1 V to about +1 .1 V are preferred, with from about -500 mV t< 
about +800 mV being especially preferred, and from about -300 mV to about 500 mV being particular! 
preferred, in a preferred embodiment, the DC offset voltage is not zero. On top of the DC offset 
voltage, an AC signal component of variable amplitude and frequency is applied. If the ETM is 

transfer between the electrode and the ETM. 
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In one embodiment, detection utilizes a single measurement of output signal at a single frequem 
That is, the frequency response of the system in the absence of target sequence, and thus the 
absence of label probe containing ETMs, can be previously determined to be very low at a partii 
high frequency. Using this information, any response at a particular frequency, will show the pr< 
of the assay complex. That is, any response at a particular freque 




jingle frequency due to entities other than the ETMs, i.e. "looking out" or "fiJring- unTaTted^ignLs. 

by its diffusion coefficient and charge transfer coefficient Accordingly, at high frequencies! ^cta^ 
earner may not diffuse rapidly enough to transfer its charge to the electrode, and/or the charge transfer 
kinetics may not be fast enough. This is particularly significant in embodiments that do not have good 
monolayers, i.e. have partial or insufficient monolayers, i.e. where the solvent is accessible to the 
electrode. As outlined above, in DC techniques, the presence of "holes- where the electrode is 

reach the electrode and generate background signal. However, using the present AC techniques, one 
or more frequencies can be chosen that prevent a frequency response of one or more charge carriers 
in solution, whether or not a monolayer is present. This is particularly significant since many biological 
fluids such as blood contain significant amounts of redox active molecules which can interfere with 



: a plurality of frequencies being preferred. A pli 
frequencies includes a scan. For example, measuring the output signal, e.g., the A 
input frequency such as 1 - 20 Hz, and comparing the response to the output' signa 
such as 10 - 100 kHz will show a frequency response difference between the prese 
of the ETM. In a preferred embodiment, the frequency response is determined at a 
preferably at least about five, and more preferably at least about ten frequencies. 



ut signal is rei 



After transmitting the input signal to initiate electron tra 
The presence and magnitude of the output signal will depend on a number of I 
overpotenUal/amplitude of the input signal; the frequency of the input AC signal; the , 
mtervening medium; the DC offset; the environment of the system; the nature of the ETM; 

nd concentration of salt. At a given input signal, the presence and magnitut 



iut signal will depend in general on 



le ETM, the placement and 



distance of the ETM from the surface of the monolayer and the character of the input signal. In 
embodiments, it may be possible to distinguish between non-specific binding of label probes and th 
formation of target specific assay complexes containing label probes, on the basis of impedance. 
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detection is done using the complexes of the 
jned to detect target sequences from a variety of 



' nucleic acid sequences, particularly highly conserved HIV sequences. In addition, this allows 
set monitoring of circulating virus within a patient as an improved method of assessing the efficacy 
inti-viral therapies. Similarly, viruses associated with leukemia, HTLV-I and HTLV-II, may be 
scted in this way. Bacterial infections such as tuberculosis, clymidia and other sexually transmitted 



cieic acids of the invention find use as probes for toxic bacteria in 
the screening of water and food samples. For example, samples may be treated to lyse the bacteria 
to release its nucleic acid, and then probes designed to recognize bacterial strains, including, but not 
limited to, such pathogenic strains as, Salmonella, Campylobacter, Vibrio cholerae, Leishmanla, 
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sputtered and evaporated gold. Electroplated nickel is usually employed with electroplated and 



been employed. Cleaning with a chemical solution is the most prevalent. Piranha solution (hydrogen 
peroxide/sulfuric acid) or aqua regia cleaning (Hydrochloric acid/ Nitric acid) is most prevalent, 
however electrochemical methods, flame treatment and plasma methods have also been employed. 




Mixed monolayers that contain DNA are usually prepared using a two step procedure. The thiolated 
DNA is deposited during the first deposition step and the mixed monolayer formation is completed 
during the second step in which a second thiol solution minus DNA is added. The second step 
frequently involves mild heating to promote monolayer reorganization. 

General Procedure for SA M formation-Deposited from Organic Solution 

A clean gold surface was placed into a clean vial. A DNA deposition solution in organic solvent was 
prepared in which the total thiol concentration was between 400 uM and 1 .0 mM. The deposition 
solution contained thiol modified DNA and thiol diluent molecules. The ratio of DNA to diluent was 
usually between 10:1 and 1:10 with 1:1 being preferred. The preferred solvents are tetrahydrofuran 
(THF), acetonitrile, dimethylforamide (DMF) or mixtures thereof. Sufficient DNA deposition solution is 
added to the vial so as to completely cover the electrode surface. The gold substrate is allowed to 
incubate at ambient temperature or slightly above ambient temperature for 5-30 minutes. After the 
initial incubation, the deposition solution is removed and a solution of diluent molecule only (1 00 uM 
-1.0 mM) in organic solvent is added. The gold substrate is' allowed to incubate at room temperature 
or above room temperature until a complete monolayer is formed (10 minutes-24 hours). The gold 




Monolayers on Au Ball Eter.trnrl.re 

CreatinqAuBallFlertmriw Use a razor blade to cut 1 0 cm lengths of gold wire (127 diame 
99.99% pure; e.g. from Aldrich). Use a 16 gauge needle to pass the wire through a #4 natural ru 
septum (of the size to fit over a 14 mL PCR eppendorf tube). (This serves to support the wire anc 
the tubes during deposition. See below.) Use a clean-burning flame (methane or propane) to m< 
one centimeter of the wire and form a sphere attached to the wire terminus. Adjust the wire lengl 

submerged in 20 uL of liquid. On the day of use, dip the electrodes in aqua regia (4:3: 1 
H 2 0:HCI:HN0 3 ) for 20 seconds and then rinse thoroughly with water. 



minutes, heat .20 pL aliquots of deposition solutions (2:2:1 DNA/H6/M44 at 
*M total in DMF) in PCR tubes on a PCR block at 50°C. Then put each electrode into a tube of 
deposition solution (submerging just the gold ball - as little of the wire -stem" as possible) and 
remove to room temperature. Incubate for fifteen minutes before transferring the electrodes into 
tubes with 200 M L of 400 „M M44 in DMF (submerging much of the wire stem as well). Let sit in 
at room temperature for 5 minutes, then put on the PCR block and run HCLONG. Take electrod, 
of the M44 solution, dip in 6x SSC, and place in PCR tubes with 20 pL of hybridization solution. I 
electrodes in 6x SSC prior to ACV measurement 

HCLONG: 65X 2', -0.3°C/s to 40"C, 40'C 2', +0.3°C/s to 55°C, 55'C 2\ -0.3°C/s to 30'C, 30 
2', +0.3°C/sto35"C,35 o C2', -0.3°C/s to 22°C 



Manufacture of Circuit Bnarrte 
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glycol)(HS-CH2)„-(OCH 2 CHj) 3 -OH) in 6x SSC (900 mM sodium chloride, 90 mM sodium Citrate, pH 7) 

ACCATGGACACAGAT(CH 2 ), 6 SH-3 , ). 4 electrodes were spotted with a solution containing DNA 2 
(5'TCATTGATGGTCTCTTTTAACA((CH 2 ) 16 SH-3'). 4 electrodes were spotted with DNA 3 
(5'CACAGTGGGGGGACATCAAGCAGCCATGCAAA(CH 2 ) 16 SH-3'). 3 electrodes were spotted with 
DNA 4 (5'-TGTGCAGTTGACGTGGAT(CH 2 ) 16 SH-3'). The deposition solution was allowed to incubate 
at room temperature for 5 minutes and then the drop was removed by rinsing in a Milli-Q.water bath. 
The boards were immersed in a 45°C bath of M44 in acetonitrile. After 30 minutes, the boards were 
removed and immersed in an acetonitrile bath for 30 seconds followed by a milli-Q water bath for 30 
seconds. The boards were dried under a stream of nitrogen and stored in foiled-lined bags flushed 



The modified boards were removed from the foil-lined bags and fitted with an injection molded sample 
chamber (cartridge). The chamber was adhered to the board using double-sided sticky tape and had 
a total volume of 250 microliters. A hybridization solution was prepared. The solution contains 10 nM 
DNA target (5'-TGTGCAGTTGACGTGGATTGTTAAAAGAGACCATCAATGAGGAAGCTGCA 
GAATGGGATAGAGTCATCCAGT-3' (D-998), 30 nM signaling probe (D-1 055) and 10 nm 5'- 
TCTACAG(N6)C(N6)ATCTGTGTCCATGGT-3' (N6 is shown in Figure 1D of PCTUS99/O1705; it 
comprises a ferrocene connected by a 4 carbon chain to the 2' oxygen of the ribose of a nucleoside). 
The signalling probe is as follows: 

5 , -(C23) < -N87-N87-N87-N87-ATC CAC GTC AAC TGC ACA-3' (D- 1055) 

C23 C23 C23 C23 
C23 C23 C23 C23 
C23 C23 C23 C23 
C23 C23 C23 C23 

N87 is a branch point comprising a ring structure. C23 is shown in Figure 1 F of PCTUS99/01 705. 
In a solution containing 25% Qiagen lysis buffer AL, 455 mM NaCIO,, 195 mM NaCI, 1.0 mM 
mercaptohexanol and 10% fetal calf serum. 250 microliters of hybrid solution was injected into the 

homemade transconductance amplifier with switching circuitry. The transconductance amplifier was 
equipped with summing circuitry that combines a DC ramp from the computer DAQ card and an AC 
sine wave from the lock-in amplifier (SR830 Stanford Instruments). Each electrode was scanned 
sequentially and the data was saved and manipulated using a homemade program designed using 
Labview (National Instruments). The chip was scanned at between -100 mV and 500 mV (pseudo 
Ag/Ag/CI reference electrode) DC with a 25 mV (50 mV peak to peak), 1000 Hz superimposed sine 
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DNA 1 (Positive 2 Fc) 



DNA 2 (Positive Sandwich Assay) 



The results are shown in Figure 14. 
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\ method according to claim 7 wherein said hybridization accelerator is a polyvalent ion. 

* method of detecting a target analyte in a sample comprising: 
a) adding said sample to a detection electrode comprising a covalently attached capture 
ligand under conditions that result in the form=« nn „< ~- _ _ , 

» [hsuii in me rormation of an assay complex comprising said target 




ising an aqueous deposition step, 
slectrodes comprising: 



b) coating gold onto said adhesion metal; 

c) forming a pattern comprising said plurality of electrodes and associated 



3d monolayer (SAM) comprising a capture ligand to 
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<72 %22^2a = FIRST HYBRIDIZABLE PORTION OF LABEL PROBE 
"^^^V- = RECRUITMENT LINKER 



(ETM) n (ETM) n 

|" I AETM) n 

(ETM) n 




A = NUCLEOSIDE REPLACEMENT 
B = ATTACHMENT TO A BASE 
C = ATTACHEMENT TO A RIBOSE 
D = ATTACHMENT TO A PHOSPHATE 



(METALLOCENE) n 



E = METALLOCENE POLYMER, ATTACHED 
TO A RIBOSE, PHOSPHATE, OR BASE 

F= DENDRIMER STRUCTURE, ATTACHED 
VIA A RIBOSE, PHOSPHATE OR BASE 



G = ATTACHMENT VIA A "BRANCHING 
STRUCTURE", THROUGH RIBOSE, 
PHOSPHATE OR BASE 



D'w ETM 

E'w (METALLOCENE) n 
£_/\-(ETM) n 

5 vy~ (ETM) n 

' \- (ETM) n 



FIG.i 




ETM ETM ETM (METALLOCENE) n 



FIG.-WC 



(METALLOCENE) n 



H = ATTACHMENT OF METALLOCENE POLYMERS 
I = ATTACHMENT VIA DENDRIMER STRUCTURE 
J = ATTACHMENT USING STANDARD LINKERS 



H 'w (METALLOCENE) n 
/-(ETM) n 

I V/~ (ETM) n 
I ^-(ETM) n 
J — ETM 
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his process can be repeated until the desired # of. 
: obtained, and then hydrojy groups on ferrocene 
isingthe left phosphnramidite in order to increase 
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